It is known that COMT (catechol-O-methyltransferase) Val158Met gene polymorphism is involved in the perception and processing of physical pain, as well as emotional faces. However, it is not yet clear whether this gene also influences the processing of other individuals' pain reactions. We investigated whether COMT gene polymorphism mediates individual differences in the processing of others' pain and whether these individual differences influence subsequent processing of others' emotional reactions. Twenty-seven healthy individuals participated in the present study. Participants were presented with stimuli depicting others in varying degrees of pain as primes (high pain/low pain/no pain), and were subsequently presented with stimuli depicting emotional expressions as targets (happy faces/neutral faces/sad faces). Participants evaluated their own pain experienced during the prime stimuli as well as levels of their own relief experienced during the target stimuli. Val/Val carriers evaluated low pain stimuli as more painful than Met/Met carriers. However, we found no significant group difference of relief and pleasure evaluations. We demonstrate that COMT gene polymorphism influences sensitivity to the pain of others, with Val/Val carriers being more sensitive to perceptions of others' pain.
Introduction
Variation in the COMT (catechol-O-methyltransferase) gene is known to regulate extrasynaptical dopamine breakdown, primarily in the prefrontal cortex. A Val-to-Met substitution results from a common functional polymorphism (a G-to-A transition) at codon 158 in the gene coding for COMT (COMT valine 158 methionine (Val158Met)). Homozygosis for the low-activity Met allele results in reduced activity of the enzyme responsible for degrading monoaminergic neurotransmitters, as compared to the high-activity Val allele (e.g., Lotta, Vidgren, Tilgmann, Ulmanen, Melén, Julkunen, & Taskinen, 1995; Colzato, Waszak, Nieuwunhuis, Posthuma, & Hommel, 2010) .
Previous studies have demonstrated that COMT gene polymorphism is associated with individual differences in sensitivity to physical pain. A previous PET (positron emission tomography) study has shown that Met/Met carriers have an attenuated µ-opioid system response in the striatum, amygdala, ACC (anterior cingulate cortex) and insula as a result of sustained physical pain, as compared to Val carriers (Val/Met and Val/Val carriers; Zubieta et al., 2003) . Additionally, a previous neuroimaging study has shown that Met/Met carriers show greater ACC activation associated with pain processing as compared to Val carriers during painful laser stimulation (Mobascher et al., 2010) , suggesting that Met/Met carriers are more sensitive to physical pain.
Although COMT gene polymorphism appears to affect the experience and processing of one's own physical pain, no previous investigation has examined whether this gene also affects the perception and processing of another person's pain reactions. The present study, therefore, examined whether variations in COMT Val158Met gene polymorphism influence the processing of others' pain reactions.
Several neuroimaging studies suggested that experiencing or processing pain may involve similar neural substrates, whether the pain is one's own or someone else's. For instance, previous fMRI (functional magnetic resonance imaging) study has revealed that core pain processing regions (the ACC and anterior insula or AI (anterior insula)) are activated both during self-experienced pain and while observing the pain of others (Singer, Seymour, O'Doherty, Kaube, Dolan, & Frith, 2004) . Furthermore, a recent meta-analysis of fMRI studies of pain-related empathy has revealed that the ACC and AI are consistently activated when perceiving the pain of others, with these areas also being activated in response to the experience of one's own physical pain . The Perception-Action Model of Empathy can account for this pattern in suggesting that people understand the emotions of others via the experience of an automatic simulation of another's state (Preston & de Waal, 2002) , and it can, thus, be speculated that Met/Met carriers, who are more sensitive to physical pain, and the pain of others than Val carriers.
On the other hand, a previous study has showed that Val carriers recognize sad facial expressions more quickly and accurately than Met/Met carriers during the Penn Emotion Recognition Test (Weiss et al., 2007) . This study does suggest that Val carriers are, in fact, more sensitive to another's unpleasant experiences than Met/Met carriers, and this tendency could conceivably extend to sensitivity to the pain of others. It is still unclear which genotype is in fact more sensitive to the others' pain, Val or Met carriers.
The main aim of the present study was to examine whether variations in the COMT Val158Met gene polymorphism influence the processing of others' pain reactions. Participants were presented with primes that depicted others in pain and evaluated their own pain response intensity as elicited by observing the primes. The authors also examined whether such individual differences in pain perception influence later emotional processing. Participants were presented with emotional expressions as targets, and were asked to evaluate their own senses of relief and pleasant affects elicited by the targets.
Method Participants
Twenty-seven university students of Asian descent (16 men and 11 women, mean age ± SD (standard deviation) = 21.00 ± 1.15) participated in the present study. The ethical committee of Hiroshima University approved the experimental protocol. All participants were drug-free for at least four weeks before nail sampling, had no history of physical or psychiatric illness, and gave their written informed consent to participate only after receiving a detailed description of the study. The experimental procedure was conducted in accordance with the Declaration of Helsinki. Eight participants possessed the Val/Val genotype (seven men and one woman, mean age ± SD = 21.25 ± 1.48), 11 participants were of the Val/Met genotype (five men and six women, mean age ± SD = 20.82 ± 1.19), and eight participants were of the Met/Met genotype (four men and four women, mean age ± SD = 21.00 ± 0.50).
SNP (Single Nucleotide Polymorphism) Genotyping
Genomic DNA was extracted from nail samples using the ISOHAIR DNA extraction kit (NIPPON GENE CO., LTD, Toyama and Japan). Genotyping of COMT (rs4680; 324G/A) SNPs was determined using TaqMan genotyping assays primer and probe sets (Applied Biosystems, Foster City, CA (California), USA). PCR (Polymerase chain reactions) were performed with 20 ng genomic DNA and TaqMan Gene Expression Master Mix (Applied Biosystems) using a 7500 Real-time PCR System (Applied Biosystems), according to the manufacturer's protocol.
Materials
Primes were images that depicted someone's finger stuck in a door (HP (high pain)) or under a keyboard (LP (low pain)). Images showing a hand placed beside the door or keyboard were used in the NP (no pain) condition. We also used context stimuli to confirm that participants evaluated target stimuli by considering the contextual relationship between primes and targets, to rule out the possibility of participants evaluating the target stimuli without considering correspondence between primes and targets. These were images showing a bandage on the forefinger of the left hand (non-recovery stimulus) or the left hand only, without a bandage (recovery stimulus). Primes and context stimuli comprised 20 images all told (12 men and eight women depicted), and resolution was set to 320 × 240 pixels.
Targets were pictures of facial expressions, including happy, sad and neutral facial expressions of 20 different people (12 men and eight women). Happy, neutral and sad faces of 10 people were taken from a database of facial expressions (ATR (advanced telecommunications research)-Promotions, Inc., Japan). We also added happy and neutral faces of 10 other people from other database. Because the database did not include sad faces, we created them using Face Tool version 4.0 (Morishima, Kawakami, Yamada, & Harashima, 1995; Morishima, 1996) , a program that can be used to manipulate faces. The valence and intensity of the synthesized faces were assessed during a pilot study. The target stimuli comprised 60 images in total, 20 images in each condition, and picture resolution was set to 405 × 405 pixels.
Procedure
The present experimental task comprised a block design composed of nine conditions. Each prime stimulus was combined with each target stimulus (3 prime stimuli × 3 target stimuli) (all conditions: HP → happy face, HP → sad face, HP → neutral face, LP → happy face, LP → sad face, LP → neutral face, NP → happy face, NP → sad face and NP → neutral face) (see Figure 1) .
The authors diagrammatically depict the experimental procedure in Figure 2 . The prime stimuli were presented for 2,500 ms at the left of the display, following a white fixation at the center of the display shown for 1,000 ms. Participants evaluated the intensity of pain experienced as a result of the primes by pressing a button to rate pain level on a seven-point scale (1: Felt no pain; 7: Felt strong pain), during the time that the primes were presented (a maximum of 2,500 ms). Next, the words "a week later" were presented at the center of the display for 1,000 ms, followed by presentation of the context stimuli at the lower center of the display. The context stimuli were not presented with the "no pain" prime stimuli, so as to avoid the stimulus sequence striking participants as highly unnatural (see B in Figure 2 ). After presentation of each context stimulus, the target stimuli were presented at the lower right of the display for 1,000 ms. Participants pressed buttons to evaluate the level of pleasant effect elicited by the target stimuli, as well as how much relief they felt, both using seven-point scales (pleasure⎯1: Felt displeasure, 7: Felt pleasure; relief⎯1: Felt concern, 7: Felt relief). Participants were instructed to make their evaluations as soon as possible. In this task, there was possibility that participants confuse about discrepancy of emotional states between primes and target in the HP → happy face and LP → happy face condition, therefore, we provided with a context for the prime-target sequence. Participants were told a narrative about someone being injured and getting treatment for the injury. Additionally, they were told that context stimuli were course of treatment of injured finger and targets were person's facial expression at a week later. Participants performed 36 blocks in total, with each block consisting of five trials. Each primes and targets pairs were same in any given block. There were nine conditions in the present study (3 prime stimuli × 3 target stimuli), thus, participants performed four blocks or 20 trials per condition. Participants rested for 30s between blocks, to permit them to return to a baseline emotional state. Nine blocks were included in one session, and participants performed four sessions in total. They rested for two minutes. Between sessions, each session included six blocks of either HP or LP stimuli, such that all six were of only one type, with the remaining three blocks comprising NP stimuli (e.g., in the HP session, there were six blocks of HP trials and three of NP trials). Participants performed HP or LP blocks in the first six blocks and NP in the final three blocks. All participants performed this task in the same session order (HP session → LP session → HP session → LP session). In any given session, the first three blocks featured recovery stimuli presented after primes, non-recovery stimuli were presented after primes in the next three blocks, and the final three blocks consisted of NP trials. One session included three blocks of each targets, and each targets were paired with each types of primes and context stimuli (e.g., in the HP session: the first three blocks-HP → recovery stimuli → targets (happy, neutral or sad face), the next three blocks-HP → non-recovery stimuli → targets (happy, neutral or sad face) and the final three blocks-the NP → targets (happy, neutral or sad face)). The block order of target was taken counterbalance and in each session, block order of targets was fixed in each participant. Figure 2 . The task procedure when target and context stimuli were presented followed HP or LP imagery (A). The task procedure when target stimuli were presented following NP stimuli (B).
Data Analysis
The authors treated responses to neutral faces as a baseline, such that pleasure and relief evaluations of happy and sad faces were subtracted from evaluations of neutral faces. We analyzed subjective pain, pleasure and relief scores using the IBM (International Business Machines) SPSS (Statistical Package for the Social Sciences) version 19 (IBM, New York, USA). Subjective pain scores were analyzed using a repeated-measure ANOVA (analysis of variance) that involved two factors: Primes (HP/LP/NP) as a within-subjects factor and genotype (Val/Val group/Val/Met group/Met/Met group) as a between-subjects factor. Subjective pleasure and relief scores were analyzed using a three factor repeated-measure ANOVA, with prime (HP/LP/NP) and target (happy faces/sad faces) as within-subjects factors and genotype as a between-subjects factor. The degrees of freedom for all repeated measures comparisons were Greenhouse-Geisser corrected. Significant and marginally significant main effects were analyzed using Bonferroni's post-hoc t-tests. Pearson's correlation analysis was used to examine a potential relationship between the precedent evaluation of pain and subsequent evaluation of happy and sad faces.
Results

Manipulation Check
As a manipulation check, a 3 × 2 × 2 × 2 ANOVA (genotype × primes × targets × context) analysis of pleasure scores revealed a significant interaction between primes and context: F ( 
Pleasure and Relief Evaluation
Correlational Analysis
A correlational analysis revealed that pleasure evaluations of sad faces across all three groups were negatively correlated with pain evaluations of LP stimuli (r = -0.46, p = 0.02) (see Table 1 ). These results suggest that a priming effect emerged on the evaluation of sad faces after presentation of LP stimuli. For Val/Met carriers (n = 11), pleasure ratings for sad faces were negatively correlated with LP evaluations (r = Notes. Evaluations of targets were measured with seven scales (pleasure⎯1: felt displeasure, 7: felt pleasure; relief⎯1: felt concern, 7: felt relief). They were relative scores which subtracted evaluations of sad or happy face from evaluations of neutral face.
Additionally, pleasure evaluations of happy faces (collapsed across all three groups) were positively correlated with HP evaluations (r = 0.59, p < 0.01) (see Table 2 ). This result suggests that a contrast effect emerged on evaluations of happy faces after presentation of HP stimuli. 
Discussion
The authors examined whether COMT Val158Met gene polymorphism influences the perception of others' pain, and whether this potential individual difference influences subsequent emotional processing. Our results showed that COMT Val158Met gene polymorphism does influence sensitivity to perceptions of another's pain, as seen when Val/Val carriers evaluated their own emotional reactions (elicited by primes) to be more intense relative to Met/Met carriers. Val/Val carriers in the present study evaluated pain inducing stimuli as more evocative than Met/Met carriers did. On the other hand, a previous human neuropharmacological study indicated that Met/Met carriers are more sensitive to physical pain stimulation (Zubieta et al., 2003; Mobascher et al., 2010) . How can we account for this seeming discrepancy? As it was done in the present study, indirect pain stimulation (i.e., perceiving another's pain) is similar to the procedure of Weiss et al. (2007) , who asked participants to categorize another person's facial expressions. Weiss et al. (2007) found that Val carriers recognize negative facial expressions more quickly and precisely than Met/Met carriers do. Val carriers might be more sensitive to other's negative reactions than Met/Met carriers. Considering these findings, it could be speculated that Met/Met carriers are more sensitive to their own pain, whereas Val/Val carriers are more sensitive to the perceived pain of others.
What mechanism might underlie such dissociation? Ochsner et al. (2008) reported a neural substrate difference between processing one's own pain and that of another. This study showed that the anterior and mid insular regions are more activated by one's own pain, whereas the frontal region and amygdala are more activated by perceiving another's pain. This finding is valuable when considering previous and the present results, which indicate that COMT gene polymorphism influences pain stimulation in different ways: Met/Met carriers are more sensitive to their own pain, whereas Val/Val carriers are more sensitive to the pain of others. COMT gene polymorphism may influence these two types of pain sensitivity via indirect modulation of neural transmission in the insula and amygdala, although there does appear to be some overlap in neural basis in the form of the ACC and AI (Singer et al., 2004; .
These observations could be in line with the findings of a PET study which demonstrated that, compared to Val/Val carriers, Met/Met carriers show less μ-opioid neurotransmission in the striatum, amygdala, insula and the ACC in response to a physical pain challenge, by virtue of a lower neuronal enkephalin content (Zubieta et al., 2003) . COMT gene polymorphism may modulate sensitivity to one's own physical pain via μ-opioid transmission (Leknes & Tracey, 2008) . Ochsner et al. (2008) also suggested that the amygdala underlies empathizing with the pain of another, as opposed to the experience of one's own physical pain. Others have made a similar assertion (Decety & Lamm, 2006; Hein & Singer, 2008) . Furthermore, several studies have suggested that oxytocin receptor gene polymorphism influences trait empathy as well as amygdala volume and activation during an emotional face processing task (Rodrigues, Saslow, Garcia, John, & Keltner, 2009; Tost et al., 2010) . COMT gene polymorphism may indirectly influence transmission of oxytocin in the amygdala. Future studies should use fMRI and PET to investigate whether and how COMT gene polymorphism modulates oxytocin system responses in the amygdala during exposure to another's pain response.
Interestingly, the authors found that pain evaluations elicited by LP stimuli were negatively correlated with evaluations of sad faces, such that observing another's pain served to positive affect ratings of sad faces. Previous studies might help to shed light on the finding that initial negative emotionality increases sensitivity to immediate negative emotional information (Murphy & Zajonc, 1993; Winkielman, Zajonc, & Schwartz, 1997 ). An fMRI study showed that the amygdala (associated with the detection of threat information in one's environment) is activated by subliminal perception of negative faces, such that the degree of amygdala activation is positively correlated with degree of negative shift when evaluating subsequently presented ambiguous faces (Nomura et al., 2004) . It seems likely that the present participants experienced negative affect as a result of perceiving another's pain, with this affect potentiating the immediate evaluation of sad faces. It is also noted that evaluations elicited by HP stimuli were positively correlated with evaluations of happy faces across the entire participant sample, indicating that observing another's pain "increased" pleasure evaluations of happy faces. Previous research has demonstrated that stimuli are evaluated more positively following presentation of less positive stimuli, as compared to when the same stimuli are presented independently, a pattern known as the contrast effect (e.g., Parker, Bascom, Rabinovitz, & Zellner, 2008) . This is probably the best interpretation of what may seem like a counterintuitive finding.
There are several limitations of the present study. First, the sample size was relatively small. However, a previous behavioral study examining the influence of COMT Val158Met polymorphism on cognitive flexibility and stability in schizophrenia (Nolan, Bilder, Lachman, & Volavka, 2004) was conducted with a similar sample size. Further studies should employ larger sample sizes if possible. Sample size likely limited our ability to detect significant correlations within each COMT group. This is the first study to demonstrate that variation in COMT Val158Met gene polymorphism influences sensitivity to pain elicited by viewing the experiences of others, as observed in Val/Val carriers. Our results suggest that processing one's own pain involves a more different neural substrate than processing the pain of another does, although there is some overlap as well. Future studies should further investigate the differences between these two types of pain processing.
